Introduction {#sec0005}
============

Out-of-hospital cardiac arrest (OHCA) is a leading cause of mortality in the world. Due to low survival rates and to the high risk for irreversible neurological damage and disability in survivors, it is a significant public health issue. Survival rates following OHCA vary significantly across geographic regions ranging between 0.6% and 25%.[@bib0005] Every year in Europe, 275,000 people have OHCA, with only 10% surviving to hospital discharge.[@bib0010] Emergency medical services (EMS) treat 34 per 100,000 person-years suffering from OHCA in Europe, 53 in North America, 50 in Australia, and 59 in Asia. Rates of survival to hospital discharge are poor with only 7.6% surviving in Europe, 6.8% in North America, 9.7% in Australia, and 3.0% in Asia.[@bib0005]

Multiple factors influence survival after OHCA including patient characteristics, location, presenting rhythm, bystander-initiated cardiopulmonary resuscitation (CPR), ambulance response times and emergency system characteristics. Advanced medical interventions including vasopressors,[@bib0060] antiarrhythmics,[@bib0065] mechanical chest compression devices[@bib0070] and tracheal intubation,[@bib0075], [@bib0080], [@bib0085] have failed to show convincing effects on survival with good neurological outcome.

Furthermore, the most important modifiable factor affecting survival is bystander-CPR[@bib0015] and when it is immediately performed before the arrival of EMS, the chances of survival are three times higher.[@bib0020] Conventional public health approaches to increase rates of lay bystander care in the community include the development of public access defibrillation programmes and the education of citizens to provide effective care in case of OHCA. However, these strategies are not cost-effective and, despite outstanding efforts in training, rates of bystander-CPR and defibrillation remains low.[@bib0030], [@bib0035]

The potential role of mobile technology in out-of-hospital emergencies was first described in the literature in 2007,[@bib0025] and it is now becoming widespread in numerous countries. Where adopted, the use of mobile-phone technology activated by EMS dispatch centres allows citizens to provide CPR and defibrillation to victims of sudden cardiac arrest. Citizens willing to provide assistance in case of OHCA can voluntarily register in a first responder network. When an OHCA occurs, the nearest citizens are alerted simultaneously to the dispatch of professional responders, hopefully increasing the proportion of cases in which CPR is performed before ambulance arrival.[@bib0110]

Different solutions were developed to locate and alert citizens as first responders but an overview of the characteristics of available technologies and their impact on patients' outcomes has never been previously performed. We hypothesized that a comprehensive overview would inform clinicians, researchers and software developers for future research and development of these systems. Moreover, policymakers could take inspiration from these results. Accordingly, we decided to conduct a systematic review to identify the existing systems and technologies to locate and alert citizens acting as first responders to nearby OHCAs, determine their technical characteristics and analyze their impact in terms of rates of bystander-CPR, ROSC and survival.

Methods {#sec0010}
=======

This systematic review was performed in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines[@bib0040], [@bib0045] and the protocol was registered in PROSPERO (CDR 42020146905).

Search strategy and study selection {#sec0015}
-----------------------------------

We systematically searched PubMed, Embase, BioMedCentral, Cochrane Central Register of Controlled Trials databases for pertinent studies from the earliest publication date available through October 31st, 2019. Backward snowballing was applied to retrieve additional manuscripts. We also retrieved the references of articles identified by this search strategy and selected those we considered relevant. In addition, websites of identified systems and conference proceedings were searched for additional studies and information.

We considered eligible randomized controlled trials (RCTs), observational trials, and case series published in peer-reviewed journals and conference proceedings fulfilling all the following criteria: (a) the article described a system able to locate and alert citizens first responders to nearby OHCA and (b) the system was either based on text messages or mobile application. We excluded systematic reviews, editorials, literature reviews, and articles describing systems to dispatch professional first responders (e.g. firefighters, police). After removal of duplicates, eligibility assessment was performed independently by two investigators (TS, OP) at title/abstract level. The final selection of included articles was based on complete manuscripts with disagreements solved by consensus under the supervision of one investigator (GL).

Data extraction {#sec0020}
---------------

Data were independently extracted by two authors (TS, OP) using a standardized form with disagreements resolved by discussion and involving a third reviewer when required. Extracted data included first author, publication year, country, characteristics and technical aspects of the system (e.g. technology and platform adopted, activation radius, destination of first responders, active time, activation criteria, training needed, and recruitment of first responders), alerting process variables (e.g. acceptance rates, number of activations, response times, and arrival prior EMS), relevant outcomes (e.g. rates of bystander-CPR, ROSC, survival to hospital discharge or 30 days, and survival with good neurological outcomes), and risk of bias. We did not apply any imputation for missing data.

Statistical analysis {#sec0025}
--------------------

We planned to perform a meta-analysis of RCTs to compare the effect on the outcome of alerting first responders through mobile phone systems versus conventional EMS response. Since our systematic literature search identified only one RCT corresponding to the inclusion criteria, we decided to include in our meta-analysis also non-RCTs comparing mobile phone systems with conventional EMS response. The primary outcome for the meta-analysis was rate of bystander CPR. Secondary outcomes included rate of ROSC, overall survival to hospital discharge or 30-days, and survival with good neurological outcome. We calculated individual and pooled odds ratio (OR) for dichotomous outcomes with corresponding 95% confidence intervals (CI). Data were analyzed using the Mantel--Haenszel method. Heterogeneity analysis was performed with Cochran Q statistic and quantified with *I* ^2^. Heterogeneity with an *I* ^2^ \> 25% was considered significant: fixed effect and random-effects models were used in case of low and high statistical heterogeneity, respectively. For pooled outcome analyses, a *p*-value \<0.05 was considered significant. For studies included in the pooled analysis, risk of bias of RCTs was assessed following the recommended tool of Cochrane Collaboration (randomized sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessors, incomplete outcome data, selective reporting, other bias).[@bib0050] In contrast, for non-RCTs, the tool Risk Of Bias In Non-randomized Studies -- of Interventions (ROBINS-I) was used.[@bib0055] Each item was evaluated by two trained investigators and an overall judgement of low, high, or unclear risk of bias provided. Studies were classified as "high risk of bias" if they had at least one item reported as high risk of bias, at "unclear risk of bias" if they had at least one item judged to carry an unclear risk of bias, and at low risk of bias if all of the items were at low risk of bias. Data were analyzed using RevMan 5.3. software (Review Manager, The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark).

Results {#sec0030}
=======

A total of 569 references were examined at the title/abstract level. After initial screening, a total of 42 studies were eligible for inclusion and detailed assessment. After exclusion of further 14 manuscripts that did not meet inclusion criteria (details in Supplemental Table 1), we included a total of 28 studies (comprising 11 conference proceedings) in the final analysis ([Fig. 1](#fig0005){ref-type="fig"} ).[@bib0090], [@bib0095], [@bib0100], [@bib0105], [@bib0110], [@bib0115], [@bib0120], [@bib0125], [@bib0130], [@bib0135], [@bib0140], [@bib0145], [@bib0150], [@bib0155], [@bib0160], [@bib0165], [@bib0170], [@bib0175], [@bib0180], [@bib0185], [@bib0190], [@bib0195], [@bib0200], [@bib0205], [@bib0210], [@bib0215] These 28 manuscripts were published between 2011 and 2019 and described 12 unique systems deployed in 16 different countries in the world. Four out of 28 manuscripts reported data on ROSC, four on survival to hospital discharge or at 30 days, and only one of them on survival with good neurological outcome. No study reported long-term outcomes ([Table 3](#tbl0015){ref-type="table"}). Data extracted from one RCT and two observational studies comparing alerting first responders to OHCAs versus standard emergency response were meta-analyzed ([Table 1](#tbl0005){ref-type="table"} ).Fig. 1Selection of included studies.Fig. 1Table 1Summary of included studies ordered by year of publication.Table 1First authorCountryJournalYearTypeOverall risk of bias[a](#tblfn0005){ref-type="table-fn"}Ringh, M.[@bib0105]SwedenResuscitation2011Prospective observationaln/aScholten, A.C.[@bib0120]NetherlandsResuscitation2011Surveyn/aHenriksen, F.L.[@bib0190]DenmarkAbstract2012n/an/aHenriksen, F.L.[@bib0140]DenmarkAbstract2013Prospective observationaln/aRoman, B.[@bib0145]SwitzerlandAbstract2013Surveyn/aZijlstra, J.A.[@bib0100]NetherlandsResuscitation2014Prospective observationaln/aHenriksen, F.L.[@bib0140]DenmarkAbstract2014Prospective observationaln/avan der Worp, W.[@bib0155]NetherlandsAbstract2014Retrospective observationaln/aRingh, M.[@bib0110]SwedenN Engl J Med2015Randomized controlled trialLowHenriksen, F.L.[@bib0135]DenmarkAbstract2015Prospective observationaln/aPijls, R.W.[@bib0125]NetherlandsResuscitation2016Prospective observationalSeriousBrooks, S.C.[@bib0160]USAResuscitation2016Surveyn/aSmith, C.M.[@bib0090]UKResuscitation2017Commentaryn/aCaputo, M.L.[@bib0095]SwitzerlandResuscitation2017Prospective observationaln/aPijls, R.W.[@bib0130]NetherlandsEur Heart J Acute Cardiovasc Care2017Prospective observationaln/aStroop, R.[@bib0165]GermanyAbstract2017Prospective observationaln/aDainty, K.N.[@bib0200]USAJMIR Mhealth and Uhealth2017Surveyn/aBerglund, E.[@bib0215]SwedenResuscitation2018Prospective observationaln/aDerkenne, C.[@bib0150]FranceResuscitation2018Letter to the Editorn/aPijls, R.W.[@bib0205]NetherlandsNeth Heart J2018Observational retrospectiven/aLee, S.Y.[@bib0115]South KoreaResuscitation2019Prospective observationalSeriousAuricchio, A.[@bib0170]SwitzerlandResuscitation2019Prospective observationaln/aNg, Y.Y.[@bib0175]SingaporeAbstract2019Observational retrospectiven/aStroop, R.[@bib0165]GermanyAbstract2019Surveyn/aStroop, R.[@bib0180]GermanyAbstract2019Prospective observationaln/aStieglis, R.[@bib0185]NetherlandsAbstract2019Observational retrospectiven/aPijls, R.W.[@bib0195]NetherlandsNeth Heart J2019Observational retrospectiven/aDel Giudice, D.[@bib0210]ItalyResuscitation2019Letter to the Editorn/a[^1]

Characteristics of existing systems to locate and alert first responders {#sec0035}
------------------------------------------------------------------------

The first systems to alert and dispatch first responders to the site of an OHCA with text messages and app were implemented in 2006 in Canton Ticino (Switzerland)[@bib0095], [@bib0145], [@bib0170] and 2010 in the USA respectively.[@bib0160], [@bib0200]

All systems alerted first responders in case of OHCA, with four alerting also in case of other medical emergencies.[@bib0090], [@bib0135], [@bib0140], [@bib0160], [@bib0165], [@bib0180], [@bib0190], [@bib0200] In many cases, activation criteria expressly excluded children, OHCA with a non-cardiac cause and unsafe environments. Due to safety and privacy concerns, one system reported to avoid alerting first responders to private location[@bib0160], [@bib0200] while the others did not provide details. Three systems specified to notify first responders only in defined time intervals during day hours, from 06--07 am to 11 pm[@bib0105], [@bib0110], [@bib0215] and from 06 am to 10 pm,[@bib0115] and two systems[@bib0095], [@bib0100] were active 24/7. The vast majority of systems accepted CPR trained laypeople only ([Table 2](#tbl0010){ref-type="table"} ) and none of the systems declared to pay first responders for their service.Table 2Summary of the 12 available systems to locate and alert first responders to nearby out-of-hospital cardiac arrests ordered by year of activation.Table 2Name of systemCountryTechnology (platform)Location trackingYear of activationMaximum activation radiusActive timeActivation criteriaFirst-responders trainingNumber of registered First RespondersMomentum[@bib0095], [@bib0145], [@bib0170]SwitzerlandText message (all)\
App (iOS, Android)[b](#tblfn0010){ref-type="table-fn"}City or community (Text message)\
GPS (App)2006 (Text message), 2014 (App)Same city or community (Text message)\
Dynamic (based on ambulance ETA)24/7OHCA\
Excluded: unsafe environment, trained bystander-CPR already initiated, ambulance ETA \< first respondersBLS/AED3400AED-Alert[@bib0120]NetherlandsText message (all)\
App (iOS, Android) [b](#tblfn0010){ref-type="table-fn"}Registered address (home or work)20081000 mn/aOHCABLS/AED6000HartslagNu (HeartbeatNow)[@bib0100], [@bib0125], [@bib0130], [@bib0155], [@bib0185], [@bib0195], [@bib0205]NetherlandsText message (all)\
App (iOS, Android)[b](#tblfn0010){ref-type="table-fn"}ZIP code derived location20081000 m24/7OHCA\
Excluded: address not known, non-cardiac cause, age \< 8 years; ambulance ETA \< first responders, AED already present, AED on-site, unsafe environmentBLS/AED\>91,000Mobile Lifesaver Service (SMSlivräddare)[@bib0105], [@bib0110], [@bib0215]SwedenText message\
followed by a phone call (all)\
App (iOS, Android)[b](#tblfn0010){ref-type="table-fn"}GPS2010 (Text message), 2015 (App)500 m (Text message)\
Dynamic (240--1,200 m) for CPR, 1,400 m for AED (App)6 am--11 pm, 7 am--11 pmOHCA\
Excluded: age \< 8 years, unsafe environment, non-cardiac cause, EMS-witnessedCPR23\
,097PulsePoint Respond[@bib0160], [@bib0200]USAApp (iOS, Android)GPS2010400 mn/aOHCA, medical emergencies\
Excluded: private location, unsafe environmentOptional: BLS/AED1\
,569,084FirstAED[@bib0135], [@bib0140], [@bib0190]DenmarkApp (iOS)GPS2012n/an/aOHCA, medical emergenciesCPR/AED and 3 h/year refresh course215Good Samaritan[@bib0150]FranceApp (iOS, Android)n/a2015150 mn/aOHCAFirst aid10,000Lee et al.[@bib0115]^a^Seul, KoreaText message (all)Registered address2015Same neighbourhood6 am--10 pmOHCACPR63,924myResponder[@bib0175]SingaporeApp (iOS, Android)n/a2015400 mn/aOHCA, minor fire, major incidentSuggested: CPR39,070GoodSAM[@bib0090]UK, Australia, New Zealand, India, USA, Brazil, South AfricaApp (iOS, Android, Windows Phone)GPS2015300 m (London City)n/aOHCA, medical emergenciesValid professional identification or CPR/AED training certificate\>8000DAE RespondER[@bib0210]ItalyApp (iOS, Android)GPS and registered addresses20175000 mn/aOHCANo7130Mobile Rescuers[@bib0165], [@bib0180]GermanyApp (iOS, Android)n/an/an/an/aOHCAYes740[^2][^3]

First responders located either within a prespecified activation radius from the OHCA location or on the same city, community or neighbourhood of the OHCA were notified through a text message or with the app. The systems calculated the distance between the current (or most recent) position of first responders obtained through Global Positioning System (GPS) tracking or from a set of registered addresses (e.g. work or home address) and the OHCA address provided by the caller. The activation radius varied among systems from 150 m[@bib0150] up to 5 km,[@bib0210] mainly due to the different characteristics of the area and the density of first responders. A complete overview of the strategies adopted by the different systems is available in [Table 2](#tbl0010){ref-type="table"}. Remarkably, one system was developed to progressively expand the radius during each alert until a prespecified number of first responders was located and accepted to intervene.[@bib0215] In Switzerland, the activation radius was dynamically adjusted based on the estimated time of arrival of the ambulance (the shorter the estimated time of arrival, the smaller the activation radius).[@bib0095] For an optimal alert system, the minimum density of first responders was found to be at least ten first responders per square kilometre.[@bib0190]

Alerting first responders: text messages versus smartphone apps {#sec0040}
---------------------------------------------------------------

Seven of the 12 identified systems were based on mobile applications installed on smartphones[@bib0090], [@bib0135], [@bib0150], [@bib0160], [@bib0165], [@bib0175], [@bib0210] and 5 on text messages.[@bib0095], [@bib0100], [@bib0105], [@bib0115], [@bib0120] Four text message systems were successively moved to a mobile app[@bib0095], [@bib0100], [@bib0105], [@bib0120] for a total of 11 apps. Only one of the existing apps is available for the three main platforms (iOS, Android, and Windows Phone)[@bib0090] while the remaining are available for both iOS and Android (*n* = 9)[@bib0095], [@bib0100], [@bib0105], [@bib0120], [@bib0150], [@bib0160], [@bib0165], [@bib0175], [@bib0210] or only for iOS (*n* = 1).[@bib0135] The characteristics of identified systems are summarized in [Table 2](#tbl0010){ref-type="table"}.

Compared to text messages, the use of a mobile app increased up to 70% the proportion of first responders to be first on the scene with a reduction of the arrival time (3.5 min \[2.8--5.2\] vs. 5.6 min \[4.2--8.5\], *p* \< 0.001) and an earlier initiation of CPR in an observational study. Survival to hospital discharge increased from 17% to 28% (OR 0.53, 95% CI 0.34--0.82, *p* = 0.004) in patients with both shockable and non-shockable rhythms.[@bib0095]

Dispatching first responders directly to the OHCA site versus retrieving an AED first {#sec0045}
-------------------------------------------------------------------------------------

Among the identified alerting systems, we observed three different approaches to dispatch and engage first responders. The first strategy prioritized first responders to reach the OHCA site directly to deliver early CPR and discretionally retrieve an AED[@bib0095], [@bib0105], [@bib0110], [@bib0120], [@bib0170], [@bib0210] significantly shortening the total intervention time and the time of CPR initiation (197 s \[120--306 s\] vs. 275 \[184--414 s\]; *p* \< 0.001) in one observational study.[@bib0170] In the second strategy, the closest first responders were instructed to collect an AED and the remaining went directly to the patient.[@bib0100], [@bib0125], [@bib0155], [@bib0195], [@bib0205], [@bib0215] A third strategy organized a team of three responders with two of them reaching the event site (one for performing CPR and one for coordinating) and the third one collecting the AED.[@bib0135], [@bib0140], [@bib0190] although no study directly compared the different approaches, arrival before ambulance in these three strategies was respectively 58--69%, 59--100%, and 90--99%.

Rates of alert acceptance and first responders-initiated CPR and defibrillation {#sec0050}
-------------------------------------------------------------------------------

The median rate of first responders who accept to intervene to an OHCA among those alerted was 28.7% (27--29%) across the different identified systems.

On median, a first responder reached the scene for performing CPR after 4.3 (4.1--4.9) minutes and delivered an AED after 7.5 (6.7--8.4) minutes. First responders arrived before EMS in median 47% (34--58%) of occasions, performed CPR in median 24% (23--27%) of cases and attached an AED in 9% (6--14%) of patients. Among those victims who had an AED positioned by the first responder, the first rhythm registered was shockable in 35% (25--47%) of cases ([Table 3](#tbl0015){ref-type="table"} ).Table 3Performance of first responders systems.Table 3Name of systemAcceptance ratesFirst responders arrived prior to EMSTime to arrival of first respondersCPR performed by first respondersAED attached by first respondersShockable rhythmROSCSurvival to hospital discharge/30 daysGood neurological outcome (CPC 1--2)GoodSAM[@bib0090]n/an/an/an/an/an/an/an/aMomentum[@bib0095], [@bib0145], [@bib0170]n/a53.9%5.6 min[b](#tblfn0020){ref-type="table-fn"} (Text message)\
3.5 min[b](#tblfn0020){ref-type="table-fn"} (App)n/an/a42% (Text message)\
23%, 37% (App)n/a17% (Text Message)\
28% (App)n/aMobile Lifesaver Service (SMSlivräddare)[@bib0105], [@bib0110], [@bib0215]29%45%, 23%, 26%6.3 min[b](#tblfn0020){ref-type="table-fn"}\
9.3 min[c](#tblfn0025){ref-type="table-fn"}\
(App)30%, 13%, 27%9%19.3%29.4%11.2%n/aLee et al.[a](#tblfn0015){ref-type="table-fn"} [@bib0115]n/an/an/an/an/a19.8%13.1%12.7%8.3%AED-Alert[@bib0120]28.3%40.4%n/a34.6%3.5%n/an/an/aHartslagNu (HeartbeatNow)[@bib0100], [@bib0125], [@bib0130], [@bib0155], [@bib0185], [@bib0195], [@bib0205]n/an/an/a24.7%, 18%12%, 26.8%, 18%43%, 59.9%, 50%41.4%27.1%n/aFirstAED[@bib0135], [@bib0140], [@bib0190]n/a94.3%, 89%, 95%4.1, 4.3 min[b](#tblfn0020){ref-type="table-fn"}\
5.8 min[c](#tblfn0025){ref-type="table-fn"}n/an/an/an/an/aGood Samaritan[@bib0150]n/an/an/an/an/an/an/an/aPulsePoint Respond[@bib0160], [@bib0200]23%n/an/a25%n/an/an/an/aMobile Rescuers[@bib0165]n/a59%4 min[b](#tblfn0020){ref-type="table-fn"}n/an/a63%n/an/amyResponder[@bib0175]29.3%n/an/an/an/an/an/an/aDAE RespondER[@bib0210]n/a19%∼2 min[b](#tblfn0020){ref-type="table-fn"} in 25% of casesn/an/an/an/an/a[^4][^5][^6]

Effect of first responders on bystander-CPR, ROSC and survival rates {#sec0055}
--------------------------------------------------------------------

Three studies recruiting 4282 OHCA patients compared alerting first responders versus standard EMS response and reported data on bystander-CPR rates, ROSC and survival to hospital discharge or at 30 days: one RCT,[@bib0110] one before-and-after study[@bib0115] and one low-quality retrospective cohort study.[@bib0125]

Pooled analysis showed that the use of a first responders system compared to the standard EMS response was associated with increased likelihood to receive CPR before ambulance arrival (1463/2292 \[63.8%\] in the app/text message group vs. 1094/1989 \[55.0%\] in the control group; OR = 1.70; 95% CI, 1.11--2.60; *p* for effect = 0.01; *I* ^2^ = 83%) ([Fig. 2](#fig0010){ref-type="fig"}A) and survival to hospital discharge or at 30 days (327/2273 \[14.4%\] in the app/text message group vs. 184/1955 \[9.4%\] in the control group; OR = 1.51; 95% CI, 1.24--1.84; *p* for effect \< 0.001; *I* ^2^ = 0%) ([Fig. 2](#fig0010){ref-type="fig"}B). The activation of first responders was not associated with increased likelihood of ROSC (433/2293 \[18.9%\] in the app/text message group vs. 251/1990 \[12.6%\] in the control group; OR = 1.50; 95% CI, 0.98--2.30; *p* for effect = 0.06; *I* ^2^ = 80%) ([Fig. 2](#fig0010){ref-type="fig"}C). Overall, risk of bias analysis (Supplemental Tables 2 and 3) showed that among the three studies included in the meta-analysis, two were at serious risk of bias[@bib0115], [@bib0125] and the remaining one (the only RCT) was considered at low risk of bias.[@bib0110] Fig. 2Forest plots for rate of bystander-CPR (A), survival to discharge or 30 days (B), and return of spontaneous circulation (C). *df* = degrees of freedom, M-H = Mantel--Haenszel.Fig. 2

Only one before-and-after study[@bib0115] presented data on survival with good neurologic outcome: patients treated in the period after implementation of a text message alert system were more likely to survive to hospital discharge with good neurological outcome (8.3% vs. 4.5%, *p* \< 0.001) when compared to the period before implementation.

Psychological burden on citizens first responders {#sec0060}
-------------------------------------------------

In Germany, the psychosocial burden among first responders was evaluated and revealed a predominantly high level of coping skills and psychosocial resilience. However, a small percentage of first responders needed psychological aftercare.[@bib0165] Preliminary findings suggested that the implementation of an after-care programme that comprises a follow-up, a telephone contact after 48 h and a hotline were useful.[@bib0165] Only one system in the Netherlands[@bib0120] had formal psychosocial support to first responders.

Discussion {#sec0065}
==========

In this comprehensive systematic review and meta-analysis, we investigated the impact of alerting citizens acting as first responders in the immediate vicinity of an OHCA with a text message or a smartphone app alert system. We found that implementing a system to alert first responders may reduce the period of time without intervention before EMS arrival. In many cases, first responders alerted through either text messages or mobile apps were able to timely reach the patient before ambulance arrival, start CPR and attach an AED. Furthermore, our meta-analysis suggested that patients who suffer an OHCA and are treated by first responders are more likely to receive CPR before ambulance arrival and survive to hospital discharge or at 30 days. However, the involvement of first responders did not improve rates of ROSC. Only one before-and-after study[@bib0115] reported survival to hospital discharge with good neurological outcome and found an improvement after the implementation of the alert system.

It is well known that in case of OHCA, early CPR[@bib0220] and early defibrillation[@bib0225] improve survival. Unfortunately, nowadays surviving OHCA is often left to chance (i.e. to the casual presence of a bystander trained in CPR and willing to intervene) instead to a robust system with a strong emphasis on immediate recognition of cardiac arrest, activation of the emergency response system, early CPR and early defibrillation. Our review focused on a relatively novel technology that is cheap, simple, and universally present: smartphones and dedicated apps to improve the response to OHCA.

We found several differences in locating, alerting and managing first responders systems. ([Table 2](#tbl0010){ref-type="table"}) Choosing the right approach to implement a network of first responders may have a considerable impact on the effectiveness of the system ([Fig. 3](#fig0015){ref-type="fig"} ). First, the number of notified citizens and the radius used to localize the nearest one are variable. This may reduce the proportion of OHCA in which a first responder is able to timely reach the location, in particular in cases of a low density of first responders or when they reach the scene by foot or by car. Second, not every system is active and functioning 24/7: some of these are deactivated during the night and others alert first responders only for OHCA occurring in public places. Third, directing first responders directly to the OHCA site or only after collecting an AED may have implications for patients' outcomes and system management. One study in Switzerland reported a significant reduction in time of CPR initiation when dispatching first responders directly to the OHCA site without collecting an AED.[@bib0170] However, collecting an AED before reaching the patient can still be useful if others first responders timely reach the location and start CPR or if a high-quality bystander-CPR is already in progress. Fourth, the majority of OHCAs occurs at home and privacy concerns may prevent alerting first responders in these cases. Notably, the results of a survey conducted in North American showed instead that citizens are comfortable to receive assistance in case of OHCA from first responders also in a private location.[@bib0200] Fig. 3Strategy, technology and patients' outcomes: the three dimensions of systems to locate and alert citizens first responders to nearby out-of-hospital cardiac arrests.Fig. 3

In recent years, with the rapid growth in technology, smartphones and mobile apps have become an essential part of our lives. Nowadays, first responder systems should be implemented on app-based systems. Compared to text message systems, apps offer the advantage of continuously geolocate the first responders with accuracy, real-time update of the details of the event, on-scene audio and video streaming, displaying the position of nearby AEDs and directing the first responders either to the OHCA location or to the nearest AED based on the estimated distance and time required. However, an active internet connection is mandatory to offer these functionalities, and this should be considered when implementing such systems in remote areas with inadequate network coverage. Given the accuracy of app geolocation, such technology may also allow to dynamically adjust the activation radius[@bib0145] to alert only the nearest and most competitive first responder compared to the estimated time of arrival of ambulances. In a study carried out in Switzerland, the app-based system was found to significantly reduce the time to initiation of CPR and to increase rates of survival when compared to a text message system.[@bib0095] Interestingly, the fifth-generation (5G) wireless network, thanks to its capability to process data at faster speeds, has the potential to further improve these systems. Examples of 5G applications will include the transmission of high-quality and latency-free video with augmented reality to help first responders who are on the scene of an OHCA, drone-delivered AEDs and highly accurate and continuous geolocation without ruining devices battery.

As reported by Brooks et al.,[@bib0160] the efficiency of these systems may be negatively affected by some technical factors: volume of notifications, accuracy of information about OHCA location, inadequate activation radius, insufficient density of first responders in the area, and low specificity to trigger a cardiac arrest notification are all aspects that. Failure to obtain real-time GPS location from apps, and seasonal variability can further worsen these first responder systems. Moreover, considering that these apps rely on third-party devices with operating systems that could be subjected to changes and updates, a close technological monitoring should be implemented to avoid issues with the functioning of geolocation and alert system.[@bib0235] Furthermore, during the outbreak of pandemics, efficiency of first responder systems may be affected due to concerns of disease transmission[@bib0240] and healthcare institutions may consider providing updated guidelines and personal protective equipment to citizens first responders. To increase the number of first responders and overcome the risk of an insufficient density, many authors organized advertising campaigns in newspapers, websites, and social media and invited citizens after CPR training courses.[@bib0100], [@bib0105], [@bib0110], [@bib0115], [@bib0120], [@bib0175], [@bib0195], [@bib0215] Moreover, laypeople working in the streets (e.g. taxi drivers, food-riders,[@bib0230] mail carriers, and couriers) and in public places with an AED on-site should be involved in these projects for their ability to quickly reach the OHCA or to collect and deliver an AED.

The present study is the first systematic review to comprehensively identify the state-of-the-art on the topic, provide information for further development of first responder systems and inform future research. So far, our work represents the best evidence but has some limitations. First, we identified only one RCT. Second, we limited our search to systems published and described in the literature and thus this review may not provide a complete picture of all existing systems. Third, two out of the three studies included in the quantitative analyses carried a serious risk of bias. Abstracts, editorials and conference proceedings were included only in qualitative descriptions to provide a comprehensive overview of the available systems but did not have data that could be included in the meta-analysis. This finding underlines the paucity of available evidence in this field and the need for high-quality RCTs. Fourth, we identified a lack of data and no uniform reporting in many areas, hopefully informing future research. In particular, bystander-CPR rates before the implementation of first responder systems were not reported in the identified manuscripts except in one before-and-after study[@bib0115] thus limiting the understanding of benefits of such technologies. Also, the important aspect of liability and safety of first responders was not covered in the identified articles: to protect lay people who offer assistance during an emergency situation, a Good Samaritan law should be implemented in every country. Furthermore, when interpreting our findings, the differences between countries in the healthcare organization, EMS system organization and clinical practice must be considered. The culture of action and education in resuscitation manoeuvres among the population of each country also has a huge impact on the effectiveness of these systems.

Two ongoing RCTs will hopefully provide more insights on the role of first responders alerted in response to OHCA. The Scandinavian AED and Mobile Bystander Activation Trial (SAMBA, ClinicalTrials.gov [NCT02992873](NCT02992873){#intr0005}) is randomizing first responders to reach the OHCA location directly or only after collecting an AED. In both groups, at least one first responder will be alerted to provide only CPR along with standard EMS care. In Denmark, the HeartRunner Trial (ClinicalTrials.gov [NCT03835403](NCT03835403){#intr0010}) is randomizing OHCAs to either activation of first responders or not (standard EMS care) to assess 30-day survival. Given the complex situations in which first responders are involved, this study will also evaluate the physical or psychological risks of activated first responders. Moreover, investigating the impact on long term outcomes and working towards the standardization of reporting data about first responders systems is highly emphasized.

Conclusions {#sec0070}
===========

Implementing mobile-phone systems to locate and alert citizens as first responders in case of OHCA may increase early CPR and defibrillation and improve patients' outcomes. Our data suggest that first responders may be able to timely reach the OHCA before ambulance arrival and reduce the intervention-free time by starting CPR and attaching an AED. These advantages could lead to an improvement in rates of CPR performed before ambulance arrival and survival to hospital discharge or at 30 days. We identified several differences among first responder systems and found that the right choice of strategy and technological implementation play a critical role in their effectiveness. However, RCTs are needed to provide conclusive data.
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[^1]: Only for studies included in the meta-analysis.

[^2]: ^a^ Name of the app/system not found.

[^3]: Initially based on Text Message and then moved to app.

    CPR = cardiopulmonary resuscitation, AED = automated external defibrillator, BLS = basic life support, OHCA = out-of-hospital cardiac arrest.

[^4]: Name of the app/system not found.

[^5]: Direct to OHCA location for performing CPR.

[^6]: After collecting an AED.

    ROSC = return of spontaneous circulation, CPC = cerebral performance category, OHCA = out-of-hospital cardiac arrest, CPR = cardiopulmonary resuscitation.
